The results presented by Tesoriero et al. may herald a new appreciation for multifaceted origins of narcolepsy.
the field. Although certain genetic predispositions increase the risk for narcolepsy, low concordance rates between twins suggest that environmental factors (e.g., exposure to infectious agents) play an important role in initiating disease onset. Tesoriero et al. (1) use an innovative means of manipulating the immune system of the mouse to examine whether viral infection can impact HCRT neurons and other cell groups responsible for arousal state control.
Narcolepsy: Autoimmunity vs. Direct Viral Infection
Narcolepsy is uncommon (affecting 1 in 2,000 individuals), yet the incidence of this neurological sleep disorder spiked following the H1N1 influenza pandemic of 2009. In China, new cases of narcolepsy increased threefold in the 6 mo after the peak of the outbreak, then decreased to the normal rate of onset by 2011 after the pandemic had been contained (2, 3) . A six-to ninefold increase in new narcolepsy cases in children was observed a few months following vaccination against H1N1 with Pandemrix in northern Europe (4-7). These unfortunate events constituted a "natural experiment" that led to the unexpected opportunity to test hypotheses about the autoimmune basis of narcolepsy.
For decades, narcolepsy has been known to be associated with variants in genes that encode the major histocompatibility complex proteins, also known as HLAs (8) . Almost all patients with narcolepsy with cataplexy (82-99%) are carriers of HLA type DQB1*06:02, whereas only 12-38% of nonnarcoleptic individuals carry this allele (9) . The tight association between narcolepsy and HLA subtypes and other genes involved in autoimmunity (10, 11) has provided the framework for most research on the connection between narcolepsy and infectious agents (12) . Indeed, a recent study found that sera from HLA-DQB1*0602-positive patients with Pandemrix-associated narcolepsy contained antibodies that cross-reacted with the H1N1 nucleoprotein and the HCRT receptor 2 (13) . But whether the H1N1 virus itself, without mechanisms of molecular mimicry or other means of induced autoimmunity, can infect neurons that regulate arousal state and cause functional changes akin to narcolepsy has not been addressed-until now.
In their groundbreaking study, Tesoriero et al. 
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what has been established in mouse models of narcolepsy (14, 15) . Although cataplexy was not assessed according to consensus criteria (16), episodes resembling REM sleep (with immobility determined by accelerometers) were observed that were not preceded by non-REM sleep and were thus suggestive of cataplexy-like events. The viral invasion spread to the CNS along nerves from sensory cells in the olfactory epithelium, as viral antigens were primarily found in the olfactory bulb by 2 wk postinfection. By 4 wk, viral antigens were detected in the lateral hypothalamus, presumably because of retrograde transport of the virus along axons from neurons that project to the olfactory bulb, such as HCRT cells. In some brains, approximately half of the HCRT neuronal population was lost. The infection and degradation of HCRT neurons, along with the observed infection of neurons that produce melanin-concentrating hormone, cholinergic neurons of the basal forebrain, histaminergic neurons of the tuberomammillary nucleus, dopaminergic neurons of the ventral tegmental area, serotonergic neurons of the dorsal and medial raphe nuclei, and noradrenergic neurons of the locus coeruleus, were thought to contribute to the narcoleptic-like arousal state changes. The present study (1) does not exclude a role for autoimmunity in the pathogenesis of narcolepsy. The tantalizing alternative explanation, suggested by the Tesoriero et al. (1) paper, an etiology for narcolepsy that is caused by direct viral invasion of the CNS, would have been strengthened by direct measurement of impairment at the cellular level. The authors indicate that cellular dysfunction can be caused by viral proteins that can aggregate in dendritic spines to reduce excitatory synaptic activity, but such analysis was beyond the scope of the present report. Perhaps future studies at this level will elucidate the mechanisms of viralinduced degeneration of HCRT neurons. Interestingly, the pattern of viral infection across the neuraxis overlaps with many of the same regions infected in encephalitis patients, as described by von Economo (17) . The varied patterns of postinfectious brain trauma highlight the unresolved issue of why some neuronal groups appear to be differentially sensitive to viral uptake.
Etiological Implications
The connection between the H1N1 pandemic, the Pandemrix vaccine, and narcolepsy has helped raise public awareness of this rare disease. The present results (1) suggest that H1N1 viral infection itself rather than an autoimmune response may have been responsible for the large increase in the number of new cases of narcolepsy in Chinese children, particularly because >94% of those children did not receive H1N1 vaccination (3) . At disease onset, narcolepsy in children presents with an array of motoric behaviors that is not typically observed in adults (18) . These differences between adults and children may be caused, at least in part, by different etiologies of narcolepsy, rather than because of developmental reasons.
The results presented by Tesoriero et al.
(1) may herald a new appreciation for multifaceted origins of narcolepsy. The recent classification of narcolepsy into type 1 and type 2 (based on the presence of cataplexy or the absence of HCRT1) may eventually be further expanded to reflect an etiology based on response to an infectious environmental challenge. Although streptococcal infection has been strongly linked to narcolepsy onset (19) , the paucity of evidence for autoantibodies against HCRT-related targets after such infections (20) 
